by the area's urban location and land-use history. Regrowth and partial clearing following landscaping for 19th-century estates has resulted in a mosaic of second-growth woodlands and open areas, with a mixture of native and non-native species. The natural area shares similarities with other woodlands in the New York City region, which have been described in a number of studies (Airola and Buchholz 1982; Frankel 1978; Greller 1972 Greller , 1977a Greller , 1977b Greller et al. 1979 Greller et al. , 1982 Greller and Garcia 1986; Honkala and McAninch 1980, 198 Serrao and Dicker 1988; Stalter 198 1) . Few of these studies calculate importance values for herb, shrub and vine species, as well as for trees; or emphasize the importance of non-native species. The relatively small size of the Wave Hill natural area facilitates a very detailed vegetation survey. This paper documents the flora, vegetation associations, and species importance values of the Wave Hill natural area. The importance of native and non-native species of vascular plants are compared. The vegetation survey and analysis, conducted in 1987, is part of a long-term project to document vegetation change and monitor management of the natural area. The survey included the establishment of permanent quadrats covering three hectares, of which 2.38 hectares were analyzed. The results of a soil analysis are also reported.
Study Site. The three hectare natural area is located on the 11 ha grounds of Wave Hill, a New York City-owned cultural and environmental center in the Riverdale section of the Bronx, N.Y. (40°53'45"N, 73"54'35"W) . The natural area is on the southwest facing slope of Riverdale Ridge, 400 meters east ofthe Hudson River and adjacent to the 23 ha Riverdale Park. It is within the region described as oak-chestnut forest (glaciated section) by Braun (1950) . The bedrock is Fordham gneiss, New York City receives 1 12 cm rainfalVyr on average, with mean monthly temperatures ranging from 0°C in January to 25'C in July (Ruffner and Bair 1987) .
The Riverdale Ridge area has undergone several phases of anthropogenic disturbance, including extensive clearing during the Revolutionary War, and landscaping for estates beginning in the 1840's. Since the construction of the Henry Hudson Parkway in 1937, the area surrounding Wave Hill has become increasingly urbanized.
Wave Hill was a private estate from 1843 until 1960, when the land was donated to New York City by the George Perkins family. Since then, the upper sections of the Wave Hill grounds have been maintained as ornamental gardens, and the hillside has become the present-day naturalarea. The land which became the natural area was maintained as landscaped woods, grassy slopes and a small orchard during the first half of the twentieth century. Management was discontinued from 1960 to 1980. In 1980 the Wave Hill Forest Project was initiated to conserve the native plant community of the natural area (Antenen 1986). Management by the Forest Project has consisted of favoring regeneration of native species by reducing the abundance of the most invasive non-native species and planting some native species. Although this vegetation survey was conducted after several years of management by the Forest Project, the major change has been a reduction in the still-high importance of nonnative species.
Plant species establishment in the natural area has been heavily influenced by the ornamental plantings in the vicinity. The former Wave Hill estate owners introduced numerous non-native plants, including Norway and sycamore maples (Acerplatano~des L., A. pseudoplatanus L.), black locust (Robinza pseudoacacla L.), and paper mulberry (Broussonet~a papyrlfera (L.) Vent.). Herbs such as hosta (Hosta ventricosa Salisb.), gloryof-the-snow (Chlonodoxa luclliae Boiss. and C. sardensls Hort. Barr & Sugden), lily of the valley (Convallarla majalis L.) and English Ivy (Hedera hellx L.) have spread from plantings. It is difficult to determine when and where other introduced ornamentals, now well distnbuted, were planted. The local abundance of porcelainberry (Ampelops~s brev~pedunculata (Maxim.) Trautv.) and Amur honeysuckle (Lonicera maackli Maxim.) indicate that these species were probably initially planted in the Wave Hill vicinity. Other more widespread introduced plants such as Japanese honeysuckle (Lonicera japonzca Thunb.) and mugwort (Artemisia vulgarzs L.), which are common in many city parks, were probably introduced accidentally. Our main sources of historical Information on Wave Hill's vegetation are a map of the large trees drawn in 1939, and photographs taken in 19 1 1 and 1937.
The natural area has been subject to a variety of soil disturbances. The former estate owners, in addition to clearing and planting, installed numerous trails. Water drainage problems continue to cause soil erosion in several areas. There is, however, little soil compaction due to trampling.
Methods.
During the summer and fall of 1987, we established a grid of 10 x 10 m quadrats throughout the three ha site. The quadrats were permanently marked using 0.5 m metal pipes at 20 rn intervals along the grid. We selected 238 quadrats for the vegetation analysis (Fig. I) , omitting partial quadrats and two small areas dominated by planted trees.
Vascular plant species were identified and categorized as herbs, shrubs, vines, and trees. Trees were surveyed in three size classes: "seedlings" < 1 m in height, "saplings" r 1 m in height and with a diameter at breast height (dbh) of <5 cm, and "trees" 2 5 cm dbh. The seedling and sapling size classes were combined for presentation in the Tables.
Percent cover was estimated within each quadrat for every species. All trees were counted. In addition, for trees 1 5 cm dbh, diameters were measured and locations mapped within each quadrat.
Importance values (IV's) were calculated for all species in the 238 quadrats as follows: for herbs, shrubs, and vines we averaged relative
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Ll open areas cover (RC) and relative frequency (RF); for seedlings and saplings we averaged relative density (RD), RC, and RF; and for trees, we averaged relative basal area (RBA), RD, and RF (Curtis and McIntosh 1951 ). IV's were based on a maximum value of 100.
Voucher specimens collected from the natural area are housed in the Wave Hill herbarium. Nomenclature follows Gleason and Cronquist (1963) and Cronquist (personal communication) . Bailey and Bailey (1976) was used to identify a few of the ornamental species. Taxonomic classification follows Cronquist's system (Cronquist 1981) . Designation of species as native to New York State is based on Mitchell (1986). Spring ephemerals not present at the time of the vegetation survey were collected later and included in the species list. The 23 species introduced by the Forest Project are marked with a [PI.
Species diversity was calculated for trees 2 5 cm dbh using the Brillouin Index (Magurran 1988) .The more commonly used Shannon Index was also calculated. The natural log was used in calculating both indices.
Pearson's product-moment correlation analysis (Sokal and Rohlf 1981) was used to measure the association between tree seedlingdensity and the covers of porcelainbeny and Amur honeysuckle in the 238 quadrats. Correlation analysis was also used to measure the relationship of tree cover with covers of porcelainbeny and Amur honeysuckle, in order to investigate the habitat preferences (wooded versus open) of these two species.
Soil samples were collected from the A and B horizons of two wooded sections of the natural area, the black locust association and the oakmaple association. Two soil pits were dug in each association, and the replicate samples from each horizon combined. The samples were then air dried, passed through a 2 mm sieve, and sent to the Cornell University Soil Laboratory for analysis.
Results. Forest cover comprised 56% of the 2.38 ha of natural area analyzed, with the remaining 44% dominated by meadows and shrub/ vine communities. Four associations were recognized by dominant species: an oak-maple association (0.60 ha), a relatively young black locust association (0.47 ha), a black birch association (0.26 ha), and open areas (1.05 ha) (Fig. 1) .
We found 276 speciesof vascular plants in 206 genera and 85 families (Appendix). This includ- Table 1 . Total number of species, and percent non-T h e diversity o f trees r5 c m d b h was 2.57 native species, for herbs, shrubs, vines, and trees in the (Brillouin and 2.66 (Shannon Index). Wave Hill natural area. A high percentage of all the For the natural area as a whole, the ten most species (48%) were non-natives.
important species o f trees a n d seedlings a n d sap- saplings, a n d the dominant species were sugar Total 276 48 maple (Acer saccharum Marsh.) a n d Norway a n d sycamore maples.
Native and non-native tree species were aled 5 0 tree, 3 5 shrub, 2 0 vine a n d 17 1 herb species m o s t equally well represented, both in number (Table 1) . a n d i n importance. Non-natives comprised 44% O f the 276 total species, 132 (48%) were not o f the 5 0 species o f trees (Table I) , and four o f native t o N e w York State (Table 1) . the ten most important species i n each size class Table 2 . Importance value components in the natural area (238 quadrats), for the ten most important species of trees, seedlings and saplings, and herbs, shrubs and vines. IV, importance value; BA, basal area; Den, density; Freq, frequency; Ave. cover, average cover. Non-native species are marked with *. ( Table 2 ). When native and non-native trees were compared by summing their IV's, they were also similar in importance (tree size class: summed IV of native species 48.8, non-natives 5 1.2; seedlings and saplings: natives 57.6, non-natives 42.4). Non-native trees had greater total density, whereas native trees had greater total basal area and frequency.
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Four trees over one meter in diameter were found: a sugar maple (1 1 1.0 cm dbh), silver maple (Acer saccharinum L.) (107.5 cm), red oak (104.7 cm), and a tupelo (Nyssa sylvatica Marsh.) (10 1.4 cm). Other large trees included a tulip tree (Liriodendron tulipifera L.) (78.0 cm) and sassafras (Sassafras albidum (Nutt.) Nees) (53.6 cm). Many of the large trees had a growth form typical of open-grown trees, and were surrounded by younger trees.
Sixty three dead trees were observed. These represented 5.7% of all trees counted, and 5.6% of the total basal area. The two most important species among dead trees were white ash (Fraxinus americana L.) and black locust.
Two native trees, American elm (Ulmus americana L.) and tulip tree, were more abundant 50 years ago, according to a 1939 map of the large trees at Wave Hill. In 1987, no American elms and only a few tulip trees were present, and large stumps of these species remained in the oakmaple association. Although many large white ashes died at Wave Hill in the 1980's, thisspecies was still well represented among seedlings and sa~lings (Table 2 ). There were no Amencan shrubs and vines category were porcelainberry, Amur honeysuckle, and garlic mustard (Alliaria petiolata (Bieb.) Cav. & Grande), all non-native species (Table 2) . Other important non-natives were Japanese honeysuckle (especially in the black locust and black birch associations), multiflora rose (Rosa multijlora Thunb.) and wineberry (Rubus phoenicolasius Maxim.). The spring ephemerals glory-of-the-snow (Chionodoxa hc c~liae and C. sardensis), not listed in Mitchell (1986), had spread extensively from planted specimens. Of the 18 species of grasses, 13 were non-native. More than half of the vine species were non-natives (Table 1) .
Several native species of herbs and vines common to the New York City region were also abundant in the natural area (Table 2) Although non-native herbs, shrubs and vines were similar to natives in species richness (Table  l) , non-natives were far more important (Fig. 2) . The summed IV of the non-natives was twice that of the native svecies, and the summed IV of just the five most important non-native species exceeded the summed IV of all 109 native species (Fig. 2) .
There were significant negative correlations between tree seedling density and the covers of both porcelainberry (Pearson r = -0.22, P < 0.00 l), and Amur honeysuckle (r = -0.2 1, P < 0.05). The cover of trees 2 5 cm dbh had a significant negative correlation with cover of porcelainberry (r = -0.38, P < 0.001), but not with cover of Amur honeysuckle ( r = -0.08, P > 0.05). In all cases, N = 238. In addition, importance values were calculated separately for species within each of four associations. In the oak-maple association, which was maintained as a landscaped woodland during the first half of the 1900's, the most important species were red oak, Norway maple and sycamore maple in the tree size class; and sugar, Norway and sycamore maples in the seedling and sapling class (Table 3) .
In the black locust association, which was maintained as a semi-open meadow until approximately 1960, the most important species were black locust and black cherry (Prunus serotzna Ehrh.) among trees, and black cherry and bitternut hickory (Carya cordiformis (Wang.) Koch) among seedlings and saplings (Table 4) . Tupelo seedlings and saplings had a high IV in this association, but were restricted to a few quadrats immediately beneath one large tupelo tree, and were probably root sprouts.
In the black birch association, the most important trees were black birch (Betula lenta L.) and Norway maple. The most important seedlings and saplings were Norway maple, bitternut hickory and sycamore maple. In all three of the wooded associations just described, the most important species of herb and shrub were garlic mustard and Amur honeysuckle. The most important vines were English ivy in the oak-maple association, Virginia creeper in the black locust association, and Japanese honeysuckle in the black birch association.
Open areas contained ;elatively few trees, and were comprised of shrub-and vine-dominated areas and managed meadows. The most common tree seedlings in this association were species typical of disturbed sites such as native sassafras, which grew abundantly in a repeatedly cut area, and tree-of-heaven (Ailanthus altzsszma (Mill.) Swingle), a native of Asia. Another Asian species, white mulberry (Morus alba L.) growing along edges and in gaps, ranked high in importance among trees. The dominant species in the herbs, shrubs and vines category were porcelainberry, Amur honeysuckle, and garlic mustard. Mugwort, ragweed, and a number of grass species were also abundant (Table 5) .
Soil characteristics for the two associations sampled are shown in Table 6 . In both associations, the depth of the A horizon was 6-7 cm, and the B horizon 18-20 cm. The soil in the oakmaple association was a fine sandy loam. In the shrub, and vine layers are often dense, with cover of certain non-native species approaching 100% in some quadrats. The more mature section of the woods is dominated by native oaks, while some of the most important co-dominants are introduced trees, such as Norway and sycamore maples. Some of the trees in the present-day woods are probably remnants from old secondgrowth forest, some were planted as part of estate landscaping, and others have become established from local seed sources following cessation of estate landscaping and clearing. Other natural areas in New York City, for example Inwood Hill Park (Loeb 1986) , have developed in a similar fashion. The percentage of non-native species found in the Wave Hill natural area (48%) ( Table 1) is high compared to New York State as a whole (36%) (Mitchell 1986) . It is also high compared to several other natural areas in the New York City vicinity: Bronx River Park (3 1.6% non-native species, Frankel 1978 Frankel , 1979 , Van Cortlandt Park (28.7%, Profous and Loeb 1984) , and Pelham Bay Park (3 1.5%, Kunstler and Natural Resources Group 1987) . A history of soil disturbance and a large available seed pool of nonnative species are important factors in the inwith *. 
vasion of plant communities by non-natives (Crawley 1986 ). This is the case at Wave Hill. In addition, the narrow shape and small size of the natural area and the abundant gaps in the woodland (Fig. 1 ) result in a large edge effect which favors the establishment of weedy species. One of the major influences on the natural area is the high importance ofnon-native species, particularly a few of the non-arborescent species (Fig.  2) . Management by the Forest Project is focusing on the most important of these, particularly porcelainberry and Amur honeysuckle.
Porcelainberry, a native of northeast Asia, has the highest IV among all the non-arborescent species (Table 2) . It is of major concern for management (Antenen et al. 1989) because its dense growth inhibits establishment of other species. Porcelainberry is a particularly aggressive woody vine which forms blanket-like growth in open areas and up on the woodland edge. It appears to be shade-intolerant; this is supported by the negative correlation of porcelainbeny cover with tree cover. Porcelainberry frequently grows over Amur honeysuckle, the most important shrub species. This combination occupies several gaps in the Wave Hill woods, where it forms an apparently stable shrub and vine layer. In some quadrats, there is well over 100% combined cover of porcelainbeny and Amur honeysuckle, beneath which tree seedling and herb growth is negligible or non-existent. Evidence that these two species inhibit tree regeneration are the sig-
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nificant negative correlations between tree seedling density and both Amur honeysuckle cover and porcelainbeny cover. Most of the Amur honeysuckle plants appear to have become established after landscaping ceased 30 years ago, although a few specimens are more than 44 years old based on annual ring counts. Amur honeysuckle becomes established and grows successfully in both forested and open habitats in the natural area, as it does in other areas of eastern North America (Luken 1988) . This is supported by the lack of correlation of Amur honeysuckle cover with tree cover.
Garlic mustard, a European biennial now found as a woodland weed throughout the northeast (Gleason and Cronquist 1963) , is the third most important species and has the highest frequency (85%) among the herbs, shrubs and vines (Table 2, Fig. 2 ). Garlic mustard may compete with some native herbs, particularly in quadrats where it has greater than 50% cover, as in the black locust association.
Norway maple, sycamore maple and black locust are among the most important non-native species in both size classes of trees ( (Gleason and Cronquist 1963; Fowells 1965) . Beneath the canopy of black locusts in the natural area, the native bitternut hickory, white ash, black cherry and red oak are among the predominant species of seedlings and saplings (Table 4) .
Red oak, black cherry, sugar maple and bitternut hickory rank high in importance among both trees and seedlings and saplings ( Table 2 ), indicating that conditions in the natural area are favorable for the regeneration of these common native species of trees. The decline of two other native tree species, American elm and white ash, is part of broader regional trends, rather than specifically due to their urban location. The virtual elimination of American elm due to Dutch elm disease is well documented, and white ash is in decline in New York State in general (Castello et al. 1985) . Native species of herbs, shrubs and vines are less important than non-natives, but several are common, for example white wood aster, Virginia creeper, spring beauty, and trout lily. Lack of seed source and competition with the invasive non-native species are the most obvious factors limiting the herbs.
Levels of lead and nickel in the soil are high compared to other sites in the northeast (Friedland et al. 1984a (Friedland et al. , 1984b (Friedland et al. , 1986 , and approach the very high levels measured at the nearby New York Botanical Garden (White and McDonnell 1988) . We do not know what effect these high levels of heavy metals, presumably from air pollutants, have on the vegetation.
Comparisons of the most important tree species in the different size classes indicate that the wooded sections of the natural area are shifting in composition toward more shade tolerant species. In the oak-maple association, the presentday canopy is dominated by red oak and Norway and sycamore maples. Based on relative densities of seedlings and saplings, and assuming that mortality factors between species remain relatively constant, oak may be replaced in importance by sugar maple in the future, with the Norway and sycamore maples continuing to be important (Fig. 3) . There are more than 200 sugar maple seedlings and saplings in some quadrats, and their density in this association is 13 times greater than that of red oak (Table 3) . However, red oak seedlings continue to become established along edges and in open areas where porcelainberry and other invasive vegetation have been cleared.
In the black birch association, the numerous seedlings and saplings of Norway maple, bitternut hickory, and sycamore maple indicate that these species may become more important components of the canopy. Similarly, in the black locust association, the importance of black locust will probably decline relative to that of more shade-tolerant species such as bitternut hickory (Fig. 4) .
In summary, the vegetation composition of urban woodlands such as the one at Wave Hill combines elements of the indigenous forests of the region, along with "newer" introduced species. Human disturbance has had a large influence on the present-day vegetation. One of the major features of the natural area is the high importance of invasive non-native species, which is affecting the composition and structure of the woodland. The Forest Project is working to conserve the existing native plant community and to favor the regeneration of native species by clearing areas dominated by species such as porcelainbeny and Amur honeysuckle. vegetation survey provides detailed baseline data with which we can document vegetation change a n d assess the progress of management i n the natural area. Future vegetation surveys will enable us t o measure shifts i n the relative importance of native a n d non-native species. 
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